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As House Surgeon in the Royal Maternity and
Simpson Memorial Hospital, Edinburgh, I had amplo
opportunity of examining the blood of healthy full-
time infants from the time of birth up to the tenth
day, when the majority of the cases left the Hos¬
pital. The results of my examinations in eighteen
infants form the main subject of this thesis.
The characteristic features of the newborn
infant's blood have, for the last twenty-five years,
been the objects of numerous investigations, and
we have to thank German and French research very
largely for our present knowledge of them. As
early as 1830, however, Denis^1'drew attention to
the fact that the erythrocytes were much more num¬
erous during the first days of extra-uterine life
than in the adult, and that blood taken from the
Umbilical Artery had a specific gravity of 1075,
and contained a relatively small amount of fibrin.
(2)
Nasse in an article in Wagner's 'Handworter-
buch der Physiologie' gives an exhaustive sketch
of what was known of the blood at that time, but
2.
makes no reference to the infant's blood beyond
remarking that, for the first few days of life, the
colour is a very dark red, and that, while the
specific gravity of adult blood is 1055, that of
the infant is 1045-1049.
A few years later numerous observations were
made on the blood of new-born animals. In 1842
(3)
Andral, Gavaret & Delafond studied the blood m
lambs and found that during the first 24 hours
after birth there was a comparatively small amount
of fibrin present, but that in the course of the
next four days the amount equalled that to be found
in the adult-sheep.
(4)
Poggiale came to the same conclusion in the
case of puppies, and considered that the corpuscles
were mors numerous than in the adult, and that the
iron was also in excess.
(5)
In 1852 Vierordt conceived the idea of estim¬
ating the number of corpuscles in a small quantity
(6)
of diluted blood, and by this method Welcker two
years later formed a scale of tints corresponding
to blood containing a known number of corpuscles,
and found in two new-born infants a count of
5,000,000 red corpuscles per c.mm. In one of
these infants, dead born, by washing out all the
blood from the vessels, he concluded that the total
quantity of blood represented one nineteenth of the
body weight. He considered that the severity of
the labour had no effect on the blood of the infant.
In the same year Moleschott^^estimated the
proportion of the red to the white cells in a child
two and a half years old, and found it to be 1 white
cell to 133 red ones; in an adult, aged twenty-one,
the ratio was 1 to 570; as he did not count the
actual number of either the red or the white cells,
he was not able to conclude that this difference
was due to an increase in white corpuscles in the
child, although he considered this probable.
In 1864 Panura^^showed that the amount of solid
constituents in the blood of new born puppies was
much greater than in the mother's blood, and that
it rapidly decreased during the first week. The
specific gravity was 1053-1060 as compared with
1039 in the mother. From his observations he con¬
cluded that the new born animal's blood was richer
in red corpuscles than the maternal, and that the
foetus possessed a definite function for the form¬
ation of blood cells. Haematologists were aston-
(9)
ished when, seven years later, Neumann stated
that he had found nucleated red cells in the heart
*
blood of foetuses five and seven months old, and
4.
also in a dead born fulltime infant; he did not
observe them in the case of a child sixteen days
old.
Wiskemann^10^by spectral analysis estimated
the amount of haemoglobin in four children, and
obtained the following comparative results:-
Child 14 hours old 1,343
" 8 days " 1,265
" 10 " " 1,303
" 14 w " 1,163
His average for the healthy man was 1,075 and
for the healthy woman 0,975. He thus demonstrated
that the haemoglobin in infant blood far exceeded
that found in the adult, and that during the first
fortnight it rapidly decreased in quantity.
Thus, little by little, the chief peculiar¬
ities of the infant's blood were discovered, but no
one had as yet studied the subject closely, and it
was not until the later 'seventies' that it received
any marked attention. From 1876-1880 many French
observers (Guffer, Lepine, Duperie, Bouchut &
Dubrisay, Robin & Helot) and a few Germans
(Schucking, Leichtenstern, Arnheim & Demme) pub¬
lished their results, but the most important paper
5.
produced at this period was that by Hayem in 1877
'Das caracteres anatomiquas du sang chez le nouveau-
ne pendant les premiere jours de la vie!' Many
German authors (Hofmeier, Haumader, Mayer) endeav¬
oured to estimate the total quantity of the blood
»
in the infant.
In the next ten years, 1880-1890, papers ap¬
peared by Kruger, Widowitz, Bayer, Otto, and
Silbermann, but still this department of haematol-
ogy was far from being settled, and it is only
during the last fifteen years that anything like a
clear picture has been formed of the blood immed¬
iately after birth, and of the alterations which
occur in the succeeding days, and of the causes for
these. Since 1890 the most noteworthy contributions
are those of Schiff, Gundobin, Fischl, Reider,
Japha, Carstanjen and Perlin. In addition to
these two papers containing original observations
have been published in this country, the first by
Elder & Hutchison in 1895, and the second by Aifcken
in 1902. Warfield's paper "Differential Leucocyte
Counts in the Newborn" is the only original work
from America that I have been able to discover.
Ballantyne in his "Antenatal Pathology and Hygiene
of the Foetus" quotes the work of several Italian
6.
authors - Bidone & Gardini, Ferroni, Varaldo and
others - as being of special merit.
One would be inclined to think that with all
this literature the characters df the infant's
blood must now be well established, and to a certain]
degree this is true, but many of the results are
still so varied and in part unsystematic that their
value is much diminished. This disagreement in
observations has its origin very largely in the
fact that the human being in the first weeks of
life reacts in a much more intense degree to in¬
ternal and external influences than the adult in¬
dividual, and thus the blood is subjected to greater
fluctuations both in absolute amount and in its
actual constituents. Many authors have drawn their
conclusions from such a small number of cases that
these fluctuations are very apparent, ar they have
omitted to give such important details as the age
of the child, or the number of cases examined .
Through omitting to pay attention to these facts
many authors, too, have been inaccurately quoted
by other writers, so that for this thesis I have
myself verified the majority of my quotations; un¬
fortunately I have been unable to read the original
articles of such important observations as those of
Leichtenstern, Cadet, Helot and some others, these
7
I indicate in the bibliography by an asterisk
In the eighteen infants which I examined I made
104 estimations of the red and white corpuscles,and
of the haemoglobin, and 91 differential counts of
the white cells. Owing to the emergencies of the
Hospital I was prevented in many cases from examin¬
ing the blood immediately after birth, only eight
cases being examined within the first hour of life;
of the remaining infants, in five I made my first
count three hours, in one four hours, in two eight
hours, in one twelve hours, and in one twBnty-four
hours after birth. Though I did not examine cases
with reference to the so-called "digestion leuco-
cytosis", I was careful that my examinations were
carried out as nearly as possible at a corresponding
hour in each case, and immediately before the in¬
fant's usual time for being put to the breast; in
this way I avoided, as far as I could, fluctuations
in my counts.
I employed the Thoma-Zeiss haeraocytometer for
estimating the number of red and white corpuscles,
in the case of the red cells, counting eight of the
large squares, and the whole sixteen in the case
of the white. For the red cells, I used the usual
diluting solution of sulphate of soda and acetic
8.
acid, and a dilution of 1 in S00, and for the white
cella acetic acid solution and a dilution of
1 in 20. To ensure the accuracy of the white cell
counts, I repeated the process in each case, and if
the two results differed to any marked degree, a
third count was made, and the average of the three
then taken as the ultimate result. I paid special
attention to the fact that Newton's rings were al¬
ways to be seen before carrying out the various
counts, carelessness in this respect giving very
erroneous results in the case of the erythrocytes.
For the estimation of the haemoglobin I used
dower's instrument, with this modification that
the pipette was graduated for half the usual quan¬
tity of blood and the resulting percentage was
doubled to give the true one in each case. This
modification is very advantageous in the case of
such young children, as it is often difficult to
obtain enough blood to fill the entire pipette
without using undue pressure on the foot, and also
as the usual percentage tiibe is only graduated to
120 it has not a wide enough range for the high
percentages of haemoglobin sometimes met with.
The infants were all healthy and full-time; during
the ten days in only one case was Icterus neonatorum
to be observed, and in no instance did any patho¬
logical condition intervene. The cord was tied
9.
as soon as the pulsation had ceased. The blood
was in all cases taken from the big toe, which I
found to be much more convenient than the thumb.
The counts were made in all cases on the second
day and subsequently in the majority of the cases
on the third or fourth, sixth or seventh and tenth
days. The infants were weighed on the first,
third, sixth and ninth days.
In order to compare the mother's blood with
that of her infant, I made counts before delivery,
and in those cases where a considerable interval
elapsed between the time of the count and the de¬
livery, I repeated the examination in the case of
the white cells. The leucocytes were estimated
during the puerparium, but I made no differential
counts.
I shall discuss the literature of the subject
along with my own results under the following five
sections:-
1. Red blood corpuscles in the infant.
2. Haemoglobin in the infant.
3. White blood corpuscles in the infant.
4. Differential counts in the infant.
5. The maternal blood.
10.
The Red Blood. Corpuscles:
It is a well known fact that at the moment
of birth the number of the erythrocytes per c.mm.
is far in excess of the normal for adult life, but
no average has as yet been given on a large number
of cases which can be taken as a normal for the
newborn child.
The first count in my own cases gives the
following results
8 Oases 1 hour after birth, average 5,683,750
5 »i 3 " ft tf tt 5,922,000
1 If 4 " 1! f! ft 6,240,000
S If 8 f! tt tt 6,045,000
1 ft 12 " ft If ft 5,270,000
1 If 24 " tf ft tt 5,490,000
The average for seventeen cases in which the
red cells were counted within the firat twelve hours
and before the infant was put to the breast is
5,791,764. My lowest count was 5,040,000,in five
cases was it over 6,000,000 and in one it was
7,210,000.
These results besides demonstrating the high
initial count, suggest that an increase occurs very
soon aft9r birth, but the number of examinations
11
during the later hours of the day are too few to
permit of any definite conclusion from my own re¬
sults. I shall discuss this apparent increase
later.
In looking over the literature dealing with the
red corpuscles, one comes to the conclusion that
56 million is about a normal average for the first
day of extrauterine life.
In the following list of cases I use only those
results which deal definitely with a stated number
of cases examined shortly after birth. The results
of Knoepfelmacher I have extracted from his paper
on Icterus neonatorum, and those of Zangemeister &
Meissl from work which they carried out when com¬















When to these results, which without exception,
were made with Thoma-Zeiss' instrument, I add my
17 cases averaging 5,791,764 , the total number of
cases examined within the first twelve hours is 124,
giving an average of 5,953,599 red corpiiscles per
c .mm.
I exclude some observations from this table.
(17)
Schiff in his first paper has an average of
6,031,428 for eight cases on the first day, but he
does not state how soon after birth these examina¬
tions were made; in his second paper he gives in
26 cases an average of 7,291,918; in the light of
the above table and his own previous average, such
counts seem too high. Bayer^^and Arnheim"19^
found the extremely low averages of 4,410,000 and
"
4,250,000 respectively. The former results I had
no opportunity of verifying,and the latter author
does not mention the number of his cases, nor how
soon after hirth they were examined; for the same
reason I exclude Demme' s ^average of 5,600,000.
/ ot\
Bidone & Gardini give 6-g- million as their aver¬
age. Kruger^S8^in one case found a count of
6,120,000 on the first day, and Cadet (quoted by
(23 )Hayem) gives an average of 5,696,000. 0ttO\
who3e average is so often quoted to be 6,165,000
only examined two cases on the first day, and these
13.
had, 10 and 15 hours after birth, counts of
(24)
6,910,000 and 4,440,000. Sorensen's average
is given as 5,769,500, but I find it is derived
from male infants fivo to eight days oldj in female
children one to fourteen days old, the count was
5,560,800. Bouchut & Dubrisay'a^fifteen cases
from &§■ to 15 days old average only 4,300,000.
The question at once suggests itself "Why is
the new-born infant so richly supplied with red
corpuscles?" Schiff in his first set of cases
examined none immediately after birth, yet he throws
doubt on the fact of a high initial count, and con¬
siders that there is a rapid increase up to the time
of the first feeding due to the loss of fluid through
perspiration and respiration causing a concentration
in the blood. This, as will be seen later, is pro¬
bably in part the cause of the rise in the count
during the first three days, but can it possibly
affect to such an extent the blood of an infant who
has only breathed for an hour? I thinlc not. The
results in his second paper are evidence in favour
of a high initial count for many of his cases have
a count over 7,000,000 and two over 8,000,000 al¬
though the examination was made immediately after
the birth of the infant.
14.
The reason for this high count is not difficult
to conjecture. If an adult dwelling at an abnormal¬
ly high level above the sea requires an increased
supply of red cells for the more rarefied atmosphere,
how much more must the foetus dependent on its ob¬
taining oxygen indirectly by means of the placental
circulation, require a larger number of cells while
in utero than it needs after birth, when it can
derive its oxygen by the lungs. However slow the
circulation may be iri the placenta, the exchange of
oxygen and carbonic acid must take place so much
more slowly there than in the lungs, that to com¬
pensate for this the oxygen-carrying power of the
foetal blood is increased.
It is possible that the nature of the labour may
in a minor degree affect the blood and I have divid¬
ed my cases into three classes:-
1. Easy labour 3 Gases, 5,480,000
8. Normal Labour 8 " 5,730,000
3. Laborious & Instrumental 7 " 5,953,000
The term "easy" labour indicates those cases
in which the delivery occurred unaided within six
hours from the onset of the pains; I include one
breech case under the heading of "normal" laboui' as
no interference was needed; laboufcs of 24 hours or
longer duration, and all instrumental labours and
one severe transverse case compose the third class.
15.
Cabot ^states that "children born after a
long hard labor , or delivered instrumentally after
a long labor , show the highest counts", but I have
not found actual cases in the work of any observers
illustrating this fact- Between the averages of
the first two classes there is a difference of
250,000 red cells per c.mm. and between the second
two 223,000. We would expect therefore to find
that the children of primiparous women have a higher
count than is to be found in those of multiparae,
and also that on an average there is a higher count
in the better developed infants. That the latter
cannot be proved by my cases will be seen in the
next table which I give, and the increase is really
so comparatively small that it may not be noticed
in such a few cases.
If we now compare the average in the case of
ten first born infants with the remaining eight, we
see that in the former the average is 5,870,000 and
in the latter 5,650,000, or a difference of 214,000
red cells per c.mm. Whether these results are only
coincidences can only be proved or disproved by
further observations. I am of opinion that a cause
may be found in the fact that the contractions of
the uterus and the passage of the child through the
16 .
pelviB must have an effect on the child similar to
that which exercise or massage has on the blood of
the adult, this effect being naturally greater the
severer the labour.
Cabot examined four men before and after a race,
the average red cell count before was 5,041,600 and
after it 5,500,360 - an increase of over 450,000
cells. Hayem on the other hand finds a diminution
of the red cells in fatigue.
I shall have occasion to refer again to their
subject when discussing the white corpiiscles.
In the following table I have arranged my cases










































The development of the infant does not seem,
from these results, to have any marked effect on the
number of the red cells: the smaller children have
possibly a slightly higher count, but as my cases
are so few, I do not think they show anything con¬
clusive in this respect.
17.
When a systematic examination of the red cells
is made during the first week a more or less ms.rlced
increase will be found to occur during the first
three days, and this is then followed by a gradual
decrease in the number of cells. All observers
are not agreed as to the duration or dimensions of
this rise, but all except Demme consider that it is
generally to be noticed. In my own cases, I obtain¬
ed the following results, which I have graphically
represented in Chart 1. (p.61)
1st Day 17 Cases Average 5,791,764
2nd " 18 ?? " 6,062,500
3rd " 18 t! " 6,006,000
4 th " 14 Tt " 5,988,500
6 th " 8 ft " 5,906,250
7 th " 11 ft " 5,864,454
10th " 18 ft " 5,521,400
The increase in ray cases is not well shown in
this table, for on an average it amounts only to
250,000; it is fairly well maintained during the
first week, and the count does not sink below the
number present at birth, until after the seventh
day. In only four cases was the second count lower
than that made at birth, in six the highest count
occurred on the second day, in six on the third, and
in two on the fourth day; the increase in four
cases was under half a million, in nine it was
18.
approximately a million cells, and in one the count
rose on the third day two million above the initial
estimation.
Several theories have been advanced as to the
cause of this characteristic rise and fall in the
number of red corpuscles.
Lepine ^with his pupils Gerard ana Schlemmer
stated the count, obtained shortly after birth, to
be between five and six million as a rule, and oc¬
casionally was higher,* an increase then took place
during the first day, and from the second to the
eighth day a diminution of about one million. They
pointed out that the decrease in body weight was
accompanied by a rise in the number of red cells,
that when the former after the second day began to
increase, the number of the cells fell. These
fluctuations they attributed to changes in the pro¬
portion of plasma in the blood, and thus early sug¬
gested the possibility of the change in the count
being only a relative one, and not due to any spec¬
ial activity in cell production.
Hayem found the increase to be very variable
in amount (100,000 to 600,000) and not always to be
observed. He considered that it depended not only
on the loss of fluid which the infant experienced
19.
in consequence of the inanition of the first hours,
hut "egalement et surtout" on the production of new
elements, and the more or less active resorption of
lymph by the tissues. He divided the red cells into
seven classes according to their dimensions, which
varied from 3.25^. to 10.25/^. This variation in
diameter was very striking. For the infant who
developed normally, the fluctuations in the counts
were quite independent of the variations in weight;
they appeared to him to result from a formation ©f
new cells - the number of cells being inversely pro¬
portioned to their diameter: an increase showed a
greater number of the smaller varieties, a decrease,
on the other hand, more of the larger elements.
In the course of the second week the count fell to
about half a million below that at birth.
Fischl'quotes Duperie as agreeing with Hayem
in all the main points.
Schiff's first paper is not of so much assist-
ance as his second in explaining the cause of these
changes, as he had no opportunity of examining cases
(29)
soon after birth. Cohnstein & Zuntz by experi¬
ments in young animals found that the foetus which
had breathed had a distinctly greater number of
corpuscles per c.mm. than one which was still born,
20.
and they attributed this to the blood being more
concentrated. Cameres ^has proved that the new
born infant loses considerably more fluid by per¬
spiration during the first twenty-four hours after
(rjil)
birth than in the following days, and Preyerxt' '
showed the same to be the case with respect to re¬
spiration. From these observations Schiff thought
that an increase in the count was probable up to the
time that the child received food for the first time,
but that as this increase was due to a concentration
of the blood, it was only a relative one. From the
first day his average count gradually diminished,
as most of hia cases had already been fed before
they came under observation; on the fourteenth day
the average was 500,000 lower than on the first.
In his second paper Schiff gives his observation
with reference to the effect on the blood produced
by tying the umbilical cord immediately, or a few
minutes after birth. Budin-oS^, Schucking ^, and
many other observers have proved that from the mom¬
ent of birth until the umbilical cord is ligatured,
the infant by means of its own respiratory effects
and by uterine contractions gains a considerable
amount of the blood in the placenta. Examinations
of the blood were carried out by Hayem, Helot^°4^,
21.
(35 )
and Porak to determine whether infants who had
gained this placental blood had a higher count than
those who had been separated from the mother at the
moment of birth. Hayem's figures for the former
are 5,576,000 and for the latter 5,087,000; Helot's
are 5,983,347 and 5,080,000 respectively, both find-
ing a higher count for the later ligatured cases.
But as the child received at the same time a pro¬
portional amount of plasma from the placenta, it is
difficult to understand why there should be this in¬
crease. Schiff, therefore, carried out a different
method, both examinations being made in the same
child by means of simply pinching the cord at the
moment of birth, and then allowing the blood to flow
through the vessels again until the cord was ultimate¬
ly ligatured ten minutes later, and the blood was
again taken for the count. By this method he was
not able to find any appreciable difference in the
seven cases he examined.
His further observations were directed to find¬
ing out what became of this "Reserve" or "Placental"
blood which late ligatured cases gained, and whether
in the course of the new few days the counts of the
two classes of cases differed. For this purpose
he had eight cases ligatured at the moment of birth,
22.
and eighteen ten minutes after birth.
Chart III" shows the results which he obtained.
The early ligatured cases showed no rise in the red
cell count, the number of corpuscles decreasing from
the first day. In all the other ones the increase
was very marked, and as can be seen on the chart
reached the maximum in some cases on the second, in
others on the third, and in a third class on the
fourth day. The increases varied in amount from
500,000 to 2,000,000 cells per c.mm. The early
ligatured cases at the end of fourteen days were
over a million cells under the count at birth, the
later ligatured ones being from 200,000 to 500,000
under the initial count.
This increase in the late ligatured cases,
Schiff considered to be too large to be accounted
for by Hayem's theory of formation of new elements,
ana besides by this theory there should be a similar
increase in the cases which were ligatured early.
Schiff therefore advanced the theory that the excess
of fluid in the later ligatured cases was excreted
while the blood cells were retained; the blood there
fore became more concentrated and a relative increase
was found. In support of his theory he proved that
the later ligatured cases excreted on an average
p .63
23 .
24.8 c.g. more urine in the first three days than
the early ligatured ones, and that the urine of the
former contained relatively less solid constituents.
As it is the usual rule in midwifery practice to
wait for some minutes after the delivery "before tying
the cord, these observations of Schiff's are of spec¬
ial interest as probably accounting for the increase
found in the erythrocyte count.
Of these three theories of Lepine, Hayem and
Schiff, it may therefore be said,that though Lepine's
was a mere hypothesis, his theory is really the key
to Schiff's observations, that Hayem's cannot be held
as sufficient to account for such great and rapid in-
creases, but that Schiff's observations are the most
complete and his theory is the probable solution of
this remarkable feature of the blood changes.
Aitken's results on this point are very inter¬
esting. In fifteen cases examined at the moment
at the moment of birth the average was 6,139,000, in
thirty-three examined within the first hour 6,450,000
and in thirty-two counts made between twelve and
twenty-four hours after birth, the average was
7,676,000. This increase as a rule continued during
the second day, when he found in twenty-seven counts
an average of 8,358,000 per c.mm. As I have shown
from my own cases and those of Schiff, the maximum
may occur on the second, third or fourth days, and
24.
therefore a general averaging of all cases examined,
tends to obscure this increase. This may be the
case in Perlin's results in which the increase on
the third day in thirteen cases is only half a
million, the averages from the second, third and
fourth days being almost identical. The amount of
increase seems therefore to be very variable, being
between several hundred thousand, and two million.
This is only natural if Schiff's theory is correct
as the increase depends firstly on the amount of
blood which passes from the placenta to the infant,
this in turn depending on the strength of the uterine
contractions, and the size of the placenta, and
secondly on the amount of fluid which the child ex¬
cretes, and the amount which it absorbs.
So far we have only spoken of the increase of
the first few days; we have now to consider the
decrease which subsequently occurs
The results obtained by Hayem, Schiff, Aitken,
Perlin and those of my own cases are in agreement
that by the tenth to the fourteenth day the count
falls to about half a million below that at birth,
so that towards the end of the second week a count
of 5,500,000 is a fairly normal average. As a
cause for this decrease Schiff suggests that the
25.
surplus in red cells is used up at first to supply
the immediate necessities of the individual, and
that this continues until a period is reached when
the new method of nutrition is able to meet the in-
fant's requirements. Gundobinw ' considers it to
be due to the gradual approach of the new born
organism to the physiological circumstemces of the
breast-fed infant;he thinks, however, to use his
own words that "physiologische Bedingungen nicht
■
genugend sind, um alle die beobachteten Abweichungen
in der Zahl der rothen Korperchen im Blate des
Kindee zu erklaren." If he really means to suggest
a pathological cause for some of these changes, his
theory is surely not tenable, for one can hardly be¬
lieve that a process which is essentially connected
with a great physiological change, and is proved to
occur in every infant, can be in any sense of the
word pathological.
Hayem suggests that the fluctuations which
occur from one day to another are dependent on a
state of evolution. Though, as I have already
shown, the increase is probably due to purely physic¬
al causes, this theory of evolution seems to be a
very plausible one for the decrease in cells. It
is generally accepted that in the last months of
intrauterine life the liver and spleen play an im¬
portant part in the formation of the red cells but
that after birth this function is gradually relegat¬
ed to the bone marrow, and therefore as their source
of supply is so much lessened, the red corpuscles
decrease. It is to be expected also that owing to
the greater activity of the infant the red cells
have now a shorter life.
In addition to these outstanding features in
the fluctuations of the red corpuscles, Schiff has
shown that daily changes in the count are also to
be observed. In eleven cases he made seventy-four
twice daily counts, and found in sixty-six of these
the morning one was higher, and in eight the evening
count; the difference was usually about half a
million. Owing to the infant being more frequently
fed during the day, he considered that the blood be¬
came gradually more diluted towards evening, and
that during the night the infant excreted as much
urine as by day, but received less fluid, so that
the blood became gradually more concentrated.
Aitken mentions the fact that he noticed a slight
decrease in the number of corpuscles per c.mm. after
the first feeding.
27.
Since Lepine suggested in his paper a relation
between the increase of the red corpuscles, and the
decrease in weight, many authors, Hayein, Schiff,
Gundobin and Aitken, have made reference to this
question. Suffice it to say that the only relation
to be found is that both are due to the loss of
fluid being greater than the intake during the first
I days of life.
All authors agree that the red cell count is
unaffected by the sex of the child.
The most marked features in the histology of
the red corpuscles are the variety in the size of
the cells, and the presence of erythroblasts.
The majority of the cells are of the same di¬
mensions as in the adult, the smaller cells vary,
roughly speaking, down to a diameter half the length
of the normal cell's diameter, the larger ones, on
the other hand, may attain the size of a polymorphous
leucocyte. The extremes are rare. The larger
forms very frequently show polychromatophilic changes,
and poikilocytosis is more often to be noted in these
than in the ordinary and smaller varieties. The
"Schatten" or ghost cells described first by Ponficlc
and later by Silbermann^37'as occurring in the new
born infant's blood, I have seen in several cases,
88.
and I am inclined to think that they are cells which
have recently lost their nuclei.
In differentiating 1000 leucocytes, I noted at
the same time in each slide the number of nucleated
red cells present; in one case none were observed,
in four none were seen after the second day, in two
after the third day, in two after the sixth day, and
in four after the seventh day: in the five remain¬
ing cases they were still present on the tenth day.
The majority of the nucleated cells were normoblasts,
occasionally a microblast was present, and four times
I found megaloblasts: on three occasions I observed
cells containing double nuclei. In two cases on
the first day I counted just over a hundred nucleated
red to one thousand leucocytes, and in three others
I found them to be over twenty; after the first day
they were very scanty, except in two cases in which
I found fourteen and fourty-five on the second day.
During the later days I frequently found free nuclei.
Hayem was the first to remark on the variety in
size of the red corpuscles; his observations have
already been mentioned. Gundobin, Hofmeier - ),
Loos^'9^and Aitken agree, but Fischl ^does not.
consider the differences to be as marked as Hayem
states. Silbermann found "Schatten" in all the
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sixty cases which he examined, and also in blood
taken from the umbilical cord. Hofmeier observed
that the corpuscles were of a more spherical shape
than in adult blood, and that the tendency to
rouleaux formation was less marked; this latter
feature is denied by Fischl, and Aitken considers
it to be inconstant.
Poikilocytosis and chromatophilia have been
observed by Reider•'and Loos, but Fischl considers
that the former, as also the "Schatten" of Ponfick,
to be artificially produced. As regards the nu¬
cleated cells, there is a great diversity of opinion.
Neumann, who discovered them in the blood in 1871,
found them to be much less frequent in the newborn
than in the premature infant. Hayem denies their
presence at birth. Reider found them in five out
of seven cases on the first day, and in the only
case in which he made regular differential counts
they were still present on the fifth day. Loos and
Fischl occasionally found a few, the latter consider
ing them to be present only in children under 2000
grms. in weight and 40 cm. in length, and that even
in the last two months of foetal lifo they were ex¬
ceptional. Gundobin found them up to the fourth
*
day and quotes Woino-Oransky as being in agreement.
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(&2)
Monti & Berggrttn found them in small numbers in
two out of three cases, and Yfarfield also observed
them, but considered that they disappeared in the
first three days. Elder & Hutchison's results show¬
ed them to be as numerous as 1-20. to 1-8 of the
white corpuscles: occasionally a free nucleus was
observed, but no mitosis. They were present at
birth in all the five cases examined by Carstanjen,
and in two cases persisted until the third day.
Hock & Schlesinger^3 ^reported them to be present in
considerable numbers at birth, and to be occasional¬
ly found for some months after; mitosis was frequent
ly seen by them. Karnizkioften found two or
three nucleated cells up to the second, and occasion¬
ally as late as the eighth month. Aitken's results
are very similar to my own: he says "In blood
films from fourty different infants at birth, I found
nucleated corpuscles present in all, but varying mucb
in number. The highest count was 116 to 500 leuco¬
cytes, the lowest 1 in two coverglasses. In twenty-
five films on the first and second day they were
present in all but one. In twenty-seven differen¬
tiations, from the fifth to the ninth day, nucleated
reds were present in twelve. They were found as
late as the ninth day. The prevailing type is the
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normoblast; but when the number present is large,
a few megaloblasts are usually present also."
The blood-platelets have in the newborn infant's
blood been very little studied, Hayem, Cadet^S),
and Detterraan^6 ^being the only authors to mention
them. From the results of Cadet's work in twenty-
one cases Hayem writes that at birth they number
171,000 per c.mm., by the eighth day they have in¬
creased to 248,000, and on the eighteenth day they
equal the number formed in adult blood - 400,000
per c.mm.
Detterman states that in the healthy adult they
bear to the red corpuscles a ratio of 1 to 22, and
that in the newborn they are distinctly fewer for
the first three days, but gradually increase to the
normal adult number.
The Haemoglobin:
In the following table I give the resultB which
I obtained with Gower's Haemoglobinometer (see alBo
Chart I. p.61).
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1st day 17 Cases 116.5 per cent
2nd " 18 t! 119.1 " "
3rd " 18 ft 117.5 " "
4th " 14 ft 117.8 " "
6 th " 8 ft 109.2 " "
7th " 11 ft 111.1 " "
10th " 18 104.6 " "
In seven cases at birth the percentage was
between 100 and 110, in five between 110 and 120,
in three between 120 and 130, and in two it was as
high as 132. On the tenth day the maximum was 116$
the minimum 90$. The proportion of the haemoglobin
to the red corpuscles varied very much in different
individuals; one case with 120$ haemoglobin had a
count of 5,700,000, another with less haemoglobin
(l]0$) had a higher count (6,100,000).
As is to be expected the rise and fall in the
red cell count is reflected in the haemoglobin esti¬
mations, but the increase in haemoglobin is not so
great, as is the case with the red corpuscles, and
the subsequent decrease is more marked. This is
well seen in Chart II. (p.62)
For the purpose of comparing the changes in the
red and white corpuscle counts and the haemoglobin
percentages, I have represented the initial result
in each case as 100, so that each series of estima¬
tions starts from the same point; from this first
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estimation as 100 I have calculated the percentage
proportion of the subsequent alterations, so that
one can compare at a glance the course which the
different elements and the haemoglobin take from day
.w.
to day. In the same way Chart VII. represents the
changes in the differential count. Charts construct
ed after this method are naturally purely diagramatic
and are here named 'Comparison Charts'.
Opinions differ very widely as to the amount
of haemoglobin in the newborn infant. Hayem's
average at birth is 110$, the percentage occasional¬
ly rising as high as 130. Leichtenstern^states
that the newborn infant has 30$ more haemoglobin
than the adult, and that there is an increase on the
second day. Schiff's average in eight cases on the
first day is 104.6$, and by the tenth this fell to
96$ and 90.8$ four days later. Gundobin found
95-115$ at birth: Elder & Hutchison 105.6$; Bidone
& Gardini 120$; Aitken 106$ in twenty-one cases.
In Carstanjen's five cases the average for the first
day is 113$ (max.120$), on the twelfth day 106$.
Perlin's average for eleven cases is 118$ for the
first day, 116$ for the second, and 119$ for the
third, and from the third to the tenth day is a
gradual fall to 110$. Tietzes (quoted by Fischl)
p. 67
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■used a Fleischl instrument graduated to 125, and in
three out of five cases he found an amount which
exceeded 125$. Reider in seven cases examined with¬
in the first twenty-four hours found an average of
128$, and Schiff in his paper on the specific grav-
ity of the foetal blood reports two cases with 152$
'
and 138$ at birth. It is difficult to draw any con¬
clusion from 3uch varied results - an average of
about 105$ receives the support of Schiff, Elder &
Hutchison, and Aitken, but the majority of observers
find a percentage varying from 115 to 120 or over.
The cause for this high percentage at birth is
presumably as in the case of the high red cell count
to enable the foetus to obtain sufficient oxygen in
utero; the increase and decrease is naturally due
to the same causes which affected the red corpuscles J
It is probable that the individual cell is richer in
haemoglobin than in normal blood, and Schiff suggests
as a reason for the haemoglobin decreasing more
rapidly than the red corpuscles, that it is the older
cells which are specially rich in haemoglobin, and
that these disappear first from the blood. With-
.
out more evidence in its favour, this is a very doubt¬
ful hypothesis. He found that frequently in the
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same infant while the red cell count was higher in
the morning than in the evening, the reverse was the
case with the haemoglobin percentage; he gives no
explanation for this phenomenon.
The White Gorpuscles:
My average in seventeen infants examined within
the first twelve hours after birth, and before being
fed, is 22,098; they are tabulated here according
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One case was not examined until twenty-four
hours after birth, and had then a count of 29,000.
I have been able to collect the following
eighty-six cases which were with certainty examined

























These eighty-six cases have an average of
18,753.
It will be found, however, that the count of
the white corpuscles at birth varies much more wide¬
ly than is the case with the red cells; Elder &
Hutchison's results vary from 12,200 to 26,500;
Schiff's from 12,700 to 30,900; Zangemeister &
Meissl's from 11,930 to 26,050; Aitken's maximum
is 23,000 and minimum 16,400; my lowest count is
12,000, and highest 36,900.
Hayem found for the first forty-eight hours
an average of 18,000; Otto in three cases, ten to
twenty-five hours old, found an average of 23,300.
The cases given by Schiff in his first paper were
mostly examined late on the first day, and their
counts ranged from 24,000 to 36,000. Woino-Oransky
found a count of 16,980 immediately after birth,
20,980 twelve hours later, and 31,680 on the second




No satisfactory explanation has been suggested
for this high count at birth, nor for the wide in¬
dividual variations. I am of opinion that the
nature of the labour has a marked effect, but it is
possibly not a complete explanation, for in one case
in which the labour was quite normal and only lasted
twelve hours, with a very short second stage, the
initial count was 31,250. In my seventeen cases
examined within the first twelve hours and before
the first feeding the three cases of 'easy' labour
have an average of 14,740, in the eight 'normal*
labours it is 21,930, and in the six cases of labor¬
ious or instrumental labours it is 26,000.
I would here again suggest that this increase
is analogous to that occurring after exercise. The
case in which I obtained the high count of 36,900
cells per c.mm. is very significant. It was one of
transverse presentation} the infant was very well
developed and gave considerable difficulty in its
delivery, with the result that half-an-hour of ar¬
tificial respiration and hot and cold water bathing
was required to save it. I attribute the high
count partly to the severity of the labour, and also
to the subsequent treatment. There is only a dif¬
ference of about 700 betxveen the averages of the nine
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first born, and the eight other cases. The influ¬
ence of the development of the infant on the white
cells is no more evident than in the case of the
red corpuscles.
The average of my eighteen cases during the
first ten days is as follows (see also Chart I. and
II.)
1st day 17 Cases 22,098
2nd " 18 16,510
3rd " 18 " 12,561
4th " 14 " 11,757
6 th " 8 " 12,043
7th " 11 " 11,177
10th " 18 " 11,811
A very appreciable fall was observed on the
second day in the majority of my cases, and in only
four was the second count higher than that of the
first day. I made no special count with reference
to the question of digestion leucocytosis but all
counts after the first were made immediately before
the infant was put to the breast.
Schiff's and Aitken's results are strong evidence
in favour of there being a specially high leuco¬
cytosis after the first food; the latter made spec¬
ial observations on this point, and found in thirteen
cases an average increase of 10,000 after the first
39.
feeding, the maximum being 17,000 and the minimum
5,000, subsequent feedings were followed by a dis¬
tinct but lower leucocytosis. Gundobin's experience
supports this in so far as the first feeding is con¬
cerned, and says that the longer the fast is, the
sharper the increase, but that in most cases the in¬
crease in infants is only small (2-4000) and does
.
not occur until five hours after the taking of food.
Demme showed that artificial feeding was followed
by a higher leucocytosis than when the infant was
nursed by the mother.
Japha^'"0 ^and Moro^ 1 ^ throw doubt on such a
phenomena as "digestion leucocytosis", the latter
finding in fact a diminution for some hours after
food, and then a gradual rise to the original number
at the end of four hours.
The count according to Hayem falls suddenly to
6,000 or even as low as 4,000 on the third day, when
the infant reaches its minimum weight, and as the
weight increases the count rises to 7,000 or 9,000.
Duperie'a results were similar to Hayem's but no
other authors have remarked this peculiar variation.
Daily fluctuations were observed by Schiff;
his average from the fourth to the eighteenth day
he gives as 12-13000.
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Schiff and Von Scipiades found a slight rise
at the time the cord falls off. Perlin's cases
show an insignificant rise of 700 per c.mm. on the
second day and after this a gradual fall to 10,970
on the tenth.
■
The question as to whether this increase is
actually duo to the first feeding or not cannot he
considered as settled. The loss of fluid must in
some measure account for a relative rise in the
number of corpuscles, but this is cloaked by the
sudden fall in the total number of cells. The
rapid disappearance of this high leucocytosis at
birth is analagous to the fall in inflammatory leu-
cocytosis, when the cause is removed; if the leuco¬
cytosis is due to the birth, it will naturally dis¬
appear soon after.
There is a general consensus of opinion that
■
by the tenth or eleventh day the leucocytes reach a
level (10,000-12y000) which may be accepted as normal
for the first months of infant life.
Why infants should require this high number
of leucocytes is another problem which has yet to
be solved.
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Differential counts of the white corpusc1es.
I
For the majority of my slides I employed
Jenner's combination of Eosin and Mfthylene-Blue,
but a few of the earlier cases were stained by
Leishman's method. The counts were made with a
moveable stage, and Zeiss' l/l2 oil immersion lens;
in each preparation 1000 leucocytes were differ¬
entiated. I divided the cells into the following
classes: -
1. The ordinary polymorphonuclear neutro-
philes.
2. The large and small lymphocytes.
Owing to there being no satisfactory
standard for distinguishing these two
varieties, I did not consider it to
be advantageous to sepai-ate them.
3. Large mononuclear lymphocytes.
Under this class I include those lym¬
phocytes characterised by their large
faintly-stained, round or oval nucleus,
and by the relatively broad margin of
faintly stained protoplasm.
4. Transitional Cells.
Those cells which have very similar
staining properties to the above class,
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On page 68 is a table giving the averages of
the clifferentiation in the eighteen cases, and under
each case (pp. 71-78 ) will be found the indiv¬
idual percentages and absolute counts.
I have been particularly struck while working
out these "percentage" and "absolute" tables, of the
special importance of the latter. Gundobin and
Reider are the only writers who state their results
after this method. Carstanjen's cases would have
been of greater value had he too followed this plan,
but he gives neither the total count of leucocytes
per c.mtn. nor the absolute differential counts. By
failing to observe the changes in the absolute dif¬
ferential count, one•is apt to conclude that a rise
in the percentage of one variety of cell is due to
an absolute increase; as however there is a great
fall in the total number of white corpuscles due,
as will be seen, to a rapid disappearance of the
neutrophiles,the other varieties in consequence have
a higher percentage value, but are in reality no more
numerous per c.mm. Through this omission Carstan¬
jen's conclusion that the fall in the neutrophiles
is accompanied shortly after birth by a rise in the
number of lymphocytes is erroneous. A comparison
of the three charts IV., V. and VI. will show the
similarity between the percentages in Carstanjen's
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six cas9s and my eighteen, and how widely the chart
of the absolute count8 differ from that of the per¬
centage ones.
Polymorphonuclear leucocytes.
Prom the first day these cells diminish both
absolutely and relatively, until on the tenth day
a slight rise occurs. The difference between the
first and the second day is only 1%, but corresponds
to an absolute decrease of 4,000 cell3; on the third
day there is a marked absolute and relative fall,
and from here until the seventh day it is more gradual
The total diminution in the number of neutrophiles
is approximately 11,000. One thousand cells per
c.mm. represents the rise found on the tenth day.
As regards the individual cases the highest percent¬
age on the first day was 76.2, and the lowest 43.9,
while on the tenth day there were 50.6 and 24.
Small and Large Lymphocytes.
The advantage of the absolute differentiations
is here very evident. Though these cells show an
uninterrupted rise from 20.8^ on the first day to
49.3^ on the tenth, the absolute count falls 25^
during the first three days, and not until the sixth
day does the number exceed that of the first day.
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From the sixth to the tenth day there is a sharp
rise. The highest percentage on the first day is
40 and the lowest 11.6; on the tenth day the maximum
is 60.5 and the minimum 30.5.
I Large Mononuclear Lymphocytes.
The percentage of these cells is 2.1 on the
first day and 1.9 on the tenth$ in the interval
it fluctuates irregularly between 1 and 2.5. The
absolute counts show these cells to be most numerous
on the first day - 469 per c.mm., and half this
number on the tenth.
Transitionals.
These cells increase relatively from 9.2$ to
13.8$ during the first four days, and then diminish
to 10.9$ on the tenth day. They are most numerous
on the first day, and after a considerable fall on
the second day, they vary very little in their ab¬
solute number.
Eosinophiles.
There is a relative increase from 2.4$ to 5.2$
during the first six days , followed by a decrease
to 3.6$. The absolute number varies very little,
and on the sixth day, the total of 634 per c.mm. is
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only 100 above the number present on the first day.
The individual variations are very marked, in three
cases the percentages rising to 9, 10 and 15.2.
Mast cells.
-
Very small numbers are to be seen but these
cells are very constant. They are rather more
numerous at hirth than during the succeeding days.
Myelocytes.
Myelocytes were present in eight cases on the
first day but in very small numbers - . 1$; on the
third day I found them in two cases, and did not
observe any in the later films.
The literature on the differential counts of
the white corpuscles in the newborn is very scanty,
the only good work being that by Carstanjen, and even
he does not give details from which the reader can
| gather the real changes, in number of the various
forms of leucocytes. His results are very similar
to my own. The polymorphs are immediately after
birth far in excess of the lymphocytes, the former
being 73«4$, the latter 16$, but by the ninth day
the latter are 41.86$ and the former 36.1$. There
is a slight rise in the percentage of the polymorphs
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on the twelfth day. The transitional cells show
a large relative increase from 8.4$ on the first day
to 18.6 on the ninth; the large mononuclears are in
very small numbers .17$ at birth, the highest value
being .75$ on the sixth day. Eosinophiles have a
percentage of 1.9 at birth, and rise to 4.81$ by the
sixth day. He found in his films irregular masses
of blue stained substance, which were more frequent
from the second to the sixth day and he suggests that
these are composed of the debris (or 'Zerfall') of
leucocytes destroyed in the blood stream, and so more
numerous while the polymorphs are rapidly decreasing.
I have not been able to find these masses as a regular
feature, and consider them to be artificially produced
by stain precipitate and broken leucocytes.
Reider in five cases examined on the first day,
two within the first hour after birth, found the
polymorphs to average 74.2$, and the lymphocytes
23$; the eosinophiles he considered to be more
numerous than in adult blood, 2.5$ at birth, and in
one case 6.2$ on the fourth day. From the absolute
results, which he gives in. one case, the lymphocytes
diminished in. number for the first three days, where-
as the percentage value steadily rose. Gundobin's
six cases have 63$ of polymorphs at birthj on the
second day they rise to 70$, and then falls to 34.6$
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in the infant two weeks old. The lymphocytes which
are 25% at birth, decrease slightly on the second
day, and then gradually increase to exceed the poly¬
morphs on the fourteenth day; he, too, finds that
the absolute number of lymphocytes decreases for the
first five days, but is markedly increased by the
second week.
(52)
Fischl in four cases, Warfield in ten and
Elder & Hutchison in twelve found the polymorphs in
every instance to be much more numerous than the
(53)
lymphocytes at birth. In opposition Hayem, Luzet
and Ai.tken state that at birth the lymphocytes are
the
in excess ofApolymorphs; Hayem, however, made no
differential counts but merely makes this assertion
from observations of diluted blood examined on the
warm stage; Luzet used dried unstained films.
Aitken's figures for fourteen cases at birth are
lymphocytes 46-66^, neutrophiles 27.46^; in every
case but one where the varieties were practically
equal, the lymphocyte percentage was higher than
the neutrophilef after the first food the polymorphs
in seven cases were 59^, the lymphocytes 36^. These
remarkable results received no support beyond that
of Hayem and Luzet, neither of whom had the advantage
of examining stained preparations. Aitken's state¬
ments as to other authors having found the same re¬
sults are quite inaccurate; he asserts that
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Gundobin's results agree with his, which I have al¬
ready shown is not the case, and he also says that
"Loos and others hold that they (the lymphocytes)
exceed the neutrophiles at birth". On referring
[ 39)
to Loos' articlev , I find that he merely spealcs
in this respect of the blood in infancy, "das erste
Kindesalter," and makes no special allusions to the
conditions at birth, and besides Loos made no obser¬
vations himself in the newborn, but simply quotes
other authorities.
As regards "other"authors supporting Aitken's
views, I have not been able to find any.
I hold it then as clearly established that at
birth they polymorphs are more numerous than the
lymphocytes. The frequency of eosinophic cells
has been the subject of much discussion, Reider &
(54) (55)
Muller , Hock & Schlesinger, Aitken, and Kassowitz
considering these cells to be more frequent than in
(56)
the adult, while Elder & Hutchison, Weiss , and
Garstanjen are of opinion that there is very little
difference in the two ages. Warfield and Loos found
the number to vary very widely in babies of the same
age. My own results indicate that the apparent in-
frequency at birth is due to the great predominance
of the neutrophiles, but that in absolute number
there are almost as many present at birth as at any
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other time; any patholgoical leucocytosis obscures
the eosinophiles in the same manner. From day to
day these cells vary on an average very little in
their total per c.mm., but some infants show an
unusually high number from the moment of birth. I
have never observed them to be as high as 'several
thousands' (Hock & Schlesinger)j in one case they
reached 1900, and one other infant had just over a
thousand per c.rnm.
(5*7)
Myelocytes were seen by Zelenski & Cybulski
shortly after birth; Fischl did not find any.
The changes therefore in the number of white
corpuscles are almost entirely due to the decrease
of the polymorphs; though their number may increase
after the first food it soon falls, and by the end
of the second day the decrease is marked. The
'
lymphocytes, according to Gundobin and Reider, and
as shown in my own cases, also take a small share
in this decrease until the third or fourth day, after
which they increase. An analysis of my differential
counts supports my view that the labour has much to
do with the high leucocyte count at birth and with
the preponderance of the polymorph at that time■
In the three cases of 'easy' labour, the polymorphs
are 50.3$, the lymphocytes 34.4$, and other transi-
tionals 6.5$;in the eight normal labours, the per¬
centages are 66.8, 18.7 and 8.8 respectively; and in
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the six cases of severe labour examined within the
first twelve hours the polymorphs are 66.2^, the
lymphocytes 16.7^, and the transitionals 11.4$. Thus
it appears that the easier the labour, the nearer do
the number of polymorphs and lymphocytes approximate
to each other. The 'severe' labour cases have a
slightly lower percentage of polymorphs than the nor¬
mal cases, because they have a larger number of trans¬
itional cells. It would be of great interest to
ascertain the percentages in the blood of infants
delivered by Caesarean Section. '
The relation of the various forms of leucocyte
shows no dependence on the development of the infant
at birth, but the decrease and increase of the lympho-
cytes appears to follow closely the changes in weight
of the infant.
It is possible that this fall in the number of
the lymphocytes is due to the change in the method
of the infant's nutrition, and that, as the child be-
comes accustomed to the new digestive processes, and
gains in weight, these cells increase.
In his Goulstonian Lectures, Hutchisonis in
favour of the view that there is a close connection
between these cells, and the absorption of food,
especially as regards the absorption of fat; if this
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view is correct it follows that the lymphocytes must
play an important part in digestion during infancy,
hut the lymphocytosis of infancy cannot he satisfact¬
orily explained, until the function of the lymphocytes
is proved.
The Maternal Blood.
In the eighteen cases, the maternal hlood had an
average of 4,386,111 red corpuscles, 74.2^ haemoglobin
and 17,138 white corpuscles. The red cells were
frequently as much as one and a half million under the
number present in the offspring, in one case the two
counts were practically equal, and in one the mother
had 440,000 more red cells per c.mm. than the infant.
The average difference was 1,405,000.
The average in seven married women was 4,597,142
red cells, and 75.4^ haemoglobin, and in eleven un¬
married patients 4,251,818 red cells, and 73.4^
haemoglobin. The difference is but slight and is
probably due to the unfavourable circumstances of
pregnancy in the latter class.
It has been suggested that the mothers of male
infants have a higher red cell count than the mothers
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of female infante. I found that in ten male births
the mother's average was 4,657,000 red cells, and in
the other eight cases it was 4,072,500; the haemo¬
globin estimations, however, were 70.8^ for the former
class, and 70.5/^ for the latter.
In eleven cases I made two examinations of the
white corpuscles before delivery, the first being
four to eight hours, and the second about one hour
before delivery; the average for the first count
was 14,643, and for the second 17,790.
The leucocytosis is, therefore, in most cases a
moderately high one, and a considerable increase occur
in the last few hours.
Classifying my results according to the nature
of the labour, I find that the cases of 'easy' labour
have a count of 10,275, the normal cases 17,950, and
in the laborious and instrumental labours there is
an average of 18,457. In ten primparae the average
is 18,900, and in eight multiparae 15.612.
The nature of the labour, therefore, has a mark-
ed affect on the degree of leucocytosis.
In the following table I state the averages of
the white cells during the puerperium:-
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2nd day 13 Cases 14,848
3rd ft 12 " 15,316
4th ft 9 " 13,900
6 th ft 5 " 13,090
7 th ?! 12 " 9,600
10 th ?! 17 " 9,978
I made no differential count in these cases,
nor do I propose to discuss the literature on the
maternal blood changes, but would merely say that
my observations correspond with those which Oabot
has collaborated from various sources.
In comparing the maternal, and infant blood
Elder & Hutchison found that the infant's blood was
always richer in red corpuscles and haemoglobin than
the mother's, there was nearly always a difference of
at least one million red cells, and the haemoglobin
was on an average 33.6$ higher in the infant's blood.
They state that when the infant's blood was below-
normal, there was a corresponding poverty in the
maternal; my cases do not show this variation.
Carstanjen's estimations of the haemoglobin in the
mother were in the majority of cases but little over
50$, the infants having an average of 113$.
According to Bidone & Gardini's results the
infant possesses million red cells, and 35-65$
haemoglobin more than the mother.
Two observers found results widely different
from the above. By estimating the amount of iron
in the blood, Kruger concluded that the haemoglobin
was about equal in mother and child. Scherenziss)
states that the infant is poorer in haemoglobin than
the mother.
After a careful examination of a good number of
cases, and from the experience of many observers,
one is compelled to acknowledge that no accurate
picture can be drawn which will give a clear idea of
what may be taken to be normal blood at birth. The
blood of two equally healthy, equally well-developed
newborn infants can differ so widely that whatever
figures may be accepted as normal, many cases will
come short of or exceed them.
Six million red corpuscles, and 18,000 white
cells per c.mm., with 115-120^ of haemoglobin may be
accepted as a fairly good representation of the
blood at the moment of birth. A moderate increase
in the redcells is to be expected from the second
to the fourth day, after which a gradual fall to
5,500,000 in the second week. The initial leucocyte
count may be found to be higher after a severe labour.
In some cases there may be an increase of the white
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corpuscles towards the end of the first day due to
the first food, on the second day rapid decrease will
take place in all cases, and by the middle of the
second week, the number will be about 12,000 - a fair
normal for the first months of infant life. The
haemoglobin also will rise and fall in amount, and by
the tenth day be from 95-105$. The large number of
neutrophiles will be found to be the cause of the
leucocytosis, but this will rapidly decrease and the
lymphocytes after a slight decrease for three days
will as a rule exceed the polymorphs by the end of
the first week.
In the majority of cases nucleated red cells
will be found at birth, and these cells may still be
present for some time after.
By the tenth day the normal differential count
for the first months of life is reached:-
In conclusion I would like to express my grati¬
tude to Dr Ballantyne for permission to utilise this














ment, and also to Professor Czerny of the Kinder
Klinik, Breslau, for allowing rae to make such full
use of the library of the Klinik.
57.
BIBLIOGRAPHY.
An asterisk indicates the articles not read.
1. Denis: Recherches experiment sur le sang
humain. 1830, p.256.
2. Nesse: Wagner's Handworterbuch der Physiologic
Bd.l, 1830.
3. Andral, Gavaret & Delafond: Annales de Chimic
et Physique. Vol.V: 1842.
4-. Poggiale: Comptes vendus de l'Academie des
Sciences. Vol.25, 1§47.
5. Vierordt: Arch. f. physiol. Heilkunde. Bd.XI.
1852.
6. Welcker: Prager Vierteljahrschrift IV. 1854,
p.11. Zeitschrift fur rationelle Medicin.
Bd.IV. 1858, p.145.
7. Moleschott: Wiener Medicin. Wochen3chrift,
1854.
8. Panum: Virchow's Archiv. Bd.29. p.481. 1864.
9. Neumann: Archiv. der Heilkunde. Bd.X.
10. Wiskemann: Zeitschrift f. Biologie. Ed.XII.
p.444.
11. Hayem: Comptes rendus de 1'Academie des
Sciences. Vol.84, ii. 1877, p.1166.
'Du Sang', 1889.
12. Elder & Hutchison: Transactions of the Edin.
Obstet. Soc. 1895.
13. Knoepfelmacher: Wiener Klinische• Wochenschrif
1893, p.977.
14. Zangemeister & Meissl: Munch medicin. Wochen-
sch. 1903, p.673.
15. Perlin: Jahrbuch f. Kinderheilkunde. V.58,
p.549, 1903.
58.
16. Aitken: Journal of Obstet. & Gynaecology of
the British Empire. p.414, 1902.
17. Schiff: Zeitschrift fur Heilkunde XI. 1890.
Jahrbuch f. Kinderheil . XXXIV. 1892.
Jahrbuch f. Kinderheil. LV. 1901.
18."Bayer: Reber die Zahlverhaltnisse der roten
und weissen Zellen im Blute Neugeborener
und Sauglinge. Eern. 1881.
19. Arnheim: Jahrbuch f. Kinderheil. XIII. p.295,
1879.
20. Demme: Bericht uber die Tatigkeit des Jenner's
chen Kinderspitals in Bern. 1881.
21." Bidone & Gardini : Quoted from a Review in the
Revue Mensuel, 1900.
22. Kruger: Virchow's Archiv. V.]06. p.l. 1886.
23. Otto: Reber Blutkorperchenzahlungen in dem
ersten Lebensjahren. Halle 1885.
24. Sorensen: Review in Virchow- Hirsch Jahres-
bericht, 1876, V.l.
25. Bouchut Sr. Dubrisay: Gazette Medicale de Paris,
1876, p.168.
26. Cabot: Clinical Examination of the Blood.
p. 92, 1904.
27. Lepine: Gazette Medicale de Paris, p.105, 1876
28. Fischl, R.: Prager medicin. Wochenschrift,
Ho.12, 1892.
29. Cohnstein & Zuntz: Pfluger's Archives. V.XXXIV
p.173. 1884.
. 30. Cameres: Quoted in Gerardt's Handbuch der
Kinderkrankheiten. Vol.l. p.360, 1881.
31 .'""Preyer : Physiologie des Embryo. 1885.
,32. Budin: Archives de Tocologie. p.124. 1876.
33. Schucking: Berliner Klinische Wochensch. 1877.
59.
54. "'Helot: Etude de physolog. experiment sur la
ligation du Cordon. Rouen, 1877.
35."Porak: Annales de Gynaecologie. 1878, Vol.11.
36. Gundohin: Jahrbuch f. Kinderheil. Vol.XXXV.
p. 187. 1893.
37. Silbermann: Jahrbuch f. Kinderheil. Vol.XXVI.
p.252. 1887.
■■
38. Hofmeier: Quoted by Silbermann.
39. Loos: Jahrbuch f. Kinderheil. Vol.XXXIX.
p.331. 1895.
40. Fischl. R.: Zeitschrift f. Heilkunde. 1892.
also Jahrbuch f. Kinderheil. Vol.XLIX.
p.26. 1899.
41. Reider:- Beitrage zur Kenntniss der Leuko-
cytose und berwandte Zustande des Blutes.
1892.
42. Monti & Berggrun: Die chronische Anaemie im
Kindes-alter. 1892.
43. Hock & Schlesinger: Centralblatt f. Klinisch
Medicin. 1891.
•
44. Karnizki: Archiv. f. Kinderheilkun.de • V.XXXVlj.
p.42. 1903.
45 .'"Cadet: These en doctorat. 1884.
46. Detterman: Deutsch.. Arch. f. Klinische Medicin.
V.ZXI. p.365. 1898.
47."Leichtenstern: Untersuchungen uber den
Hamoglobingehalt des Blutes. Leipzig. 1878|.
48. Von Seipiades: Archiv. f. Gynaecologie. Vol.
LXX. p.630. 1903.
49. Woino-Oransky: Quoted by Gundobin.
50. Japha, A.: Jahrbuch fur Kinderheil. Vol.LII.
p.242.
51. Moro: Archiv. f. Kinderheil. Vol.XL. p.39.
60 *
52. Warfield: American Medical Journal. Vol.IV.
Sept. 1902.
55. Luzet: These en doctoral. Paris, 1891.
54. Rieder & Muller: Deut. Arch, f. Klinische
Medicin. Vol.XLVIII. 1891.
55. Kassowitz: Reviewed in Jahrbuch f. Kinderheil.
Vol .XXXIV. p.483.
56. Weiss, J.: Jahrbuch f. Kinderheil. Vol.XXXV.
p.146. 1895.
57. Zelenski & Cybulski: Jahrbuch f. Kinderheil.
Vol.LX. p.884. 1904.
58. Hutchison: Lancet. May 7th, 1904.
































^^tuJfjxVLX jy&rv- CC*-v6" .2T ^ {fa
^>Ct^vc aZLxr\^ pl^ (LA-jtJL Qt-yit-z*


















































































■-^-\ n6 ■c •
l





X./H -«m- r>ui<^ e^vs '~9~
-•
~9
& c|»eJr 6c/ (W^, ^OV «





^ CX/f^ brCtt^- ^Cv
(j^c/L 9^vt>T» yjbcjJ(ff\iJl a^ f<yo .

































s> ~- i J i > i i i i l I







V} lr> ^ s
8>
^ 3*
it ro<r> to y>V7*< * ^ .2^z? 3 5 Ci ^. m-0 ^0 ^ 0CO no
51 n 5<*- a 4. ^
O































































































-r/hcy Jtvigivy) 4f r< i
if"
\ I J ^ro"
» r-1





















i §T> §*. or)" £vgj §
"0
§ ?
"v. f *■£ i$ 4' ^




|S s ^5? 4 §■ § e~\ SS? ?? Î**v.
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